Background: Administrative hospital data can be used to detect trends in the care of patients hospitalized with acute stroke.
A s a result of demographic changes and the financial significance of the high costs of treatment and follow-up, care for stroke patients poses a major challenge to the German health care system. Previous analyses of stroke care are mostly based on registry data (1, 2) . However, these can only provide a picture of the situation in the regions covered by the registries or participating institutions, and conclusions drawn from them on the subject of the overall health care situation are based on projections. This is also true for care studies based on health insurers' data (3, 4) . Although these do take into account care throughout Germany, provided the health insurers concerned are supraregional, they are nevertheless limited to a specific population, namely the customers of those insurers.
This article investigates care for stroke patients in German acute care hospitals, on the basis of administrative data from all acute care hospitals that use the DRG (diagnosis-related group) classification system. This means that it covers inpatient cases including the entire population, regardless of type of insurance. As the available figures cover six years, developments over time can be analyzed.
Methods

DRG statistics from Research Data Centres of the Federal Statistical
Office and the statistical offices of the Länder (federal states) for 2005 to 2010 (5) were used for the investigation (eMethods). As the German DRG system is an all-patient/all-payer system, these data include all cases treated in hospitals and classified according to the DRG system with the only exception of psychiatry and some special services like military hospitals (6, 7) . They contain information on age, sex, diagnoses, procedures, and source of admission and discharge status of treated patients, in addition to other details. Cases can be assigned to the respective treating hospital via a pseudonymized hospital identifier.
Patients included were those aged over 19 years with the principal diagnoses cerebral infarction, intracerebral hemorrhage, subarachnoid hemorrhage, or stroke of un-specified type identified using the codes of the German version of the International Classification of Diseases (ICD-10, codes I60, I61, I63, and I64). To focus on the episode in the first admitting hospital, patients transferred from other acute care hospitals (identified via the source-of-admission code) are excluded (Figure) . Since the data do not contain a patient identifier, it is impossible to distinguish between firsttime and recurrent strokes, so the analyses cover all first-time and recurrent strokes.
Hospitals with stroke units were classified using the relevant procedure codes of the German Classification of Operations and Procedures (Operationen-und Prozedurenschlüssel, OPS). Existence of a stroke unit in a hospital is assumed when at least ten episodes with coded stroke unit care are present within a calendar year.
Annual hospital admission rates were calculated in relation to the residential population for the year in question (9) . The following information is given:
• Crude rates • Rates directly standardized on the basis of distribution by sex and five-year age groups in 2005
• Age-and sex-specific rates for 10-year age groups. For calculation of hospital mortality rates, demographic changes were controlled for using indirect standardization based on five-year age groups and sex. The mortality distribution in 2005 was used as the reference. The standardized mortality ratio (SMR) is shown. In order to assess trends over time, two-sided p-values were calculated using linear regression. Analyses were performed using SAS 9.1. A detailed description of the methods used can be found in the supplementary eMethods.
Results
Hospital admission rates
Between 2005 and 2010, hospitals treated a total of 1 445 356 patients with a principal diagnosis of stroke aged over 19 years and admitted from "outside" (i.e. not transferred from another acute care hospital). The annual number of hospitalizations for stroke was between approximately 235 000 (2005) and 243 000 (2010). This corresponds to rates of between 357 and 365 per 100 000 inhabitants.
No significant trend was seen in the crude hospital admission rate per 100 000 inhabitants during the observation period. Standardized for the 2005 population structure, a decrease from 357 to 336 cases per 100 000 inhabitants was observed.
Turning to age-and sex-specific rates, significant decreases were clear in older age groups. Rates per 100 000 inhabitants fell in age groups above 60 years for men and 70 years for women. This decrease did not begin until 2006 except in women aged between 70 and 79.
No trend was seen in the rates in younger age groups during the observation period (Table 1) . For cases with a principal diagnosis of cerebral infarction, an increase in the percentage with coded systemic thrombolysis was found during the observation period, from 2.4% to 8.9%. Selective thrombolysis in intracranial vessels was recorded for 0.3% of cerebral infarction patients in 2005 and 0.6% in 2010 (Table 4) .
Patient characteristics
Hospital mortality
The absolute number of stroke patients who died in the first hospital in which they received treatment fell by 923 cases per year during the observation period, according to regression analysis (95% confidence interval [CI]: 711 to 1136). The national crude mortality rate fell from 11.9% to 9.5%. The SMR for 2010 was 0.79 in relation to the figure for 2005. Isolated examination of patients treated for cerebral infarction showed a similar decrease: The crude mortality rate fell from 8.5% to 7.2%, and the SMR fell to 0.81 (Table 5) .
Discussion
Hospital admission rates showed decreasing trends for men and women in older age groups. Apart from that, the decrease in hospital admission rates in older age groups is in line with results from, for example, the USA, which are based on comparable data (11) . The authors of this study assume that this development may be related to improvements in the management of high blood pressure and atrial fibrillation in older persons. The same may be also true in Germany. Besides, secondary prevention after a first stroke may also play a role in older age groups. The Rhineland--Palatinate stroke registry, for example, reports an increased prescription rate for antihypertensive medication, lipid-lowering agents, and anticoagulants for secondary prevention (2) .
Increasingly, the principal diagnosis of stroke is classified more precisely by type. This may be a sign of the increased use of diagnostic imaging, but more precise coding thanks to the DRG (diagnosis related groups) system is also possible (i.e. the precise type of stroke is not only recorded in writing in patients' medical records but also given the appropriate code in administrative data).
Overall, it can be assumed that the introduction of the DRG system for reimbursement of all hospital services in Germany, in 2003 and 2004, has led to an increased incentive to improve coding, which is becoming clear over time. This has little effect on principal diagnosis, as this always had to be stated, but a much greater effect on the completeness of coding of secondary diagnoses and procedures that used to be recorded more rarely. For instance, for stroke patients the secondary diagnoses hypertension and atrial During the observation period, there was a drop in the percentage of stroke patients for whom a code for pneumonia as a secondary diagnosis was recorded. We consider this decrease as real because it went against the incentives for coding. It may indicate a decrease in this particular complication, e.g. due to improved dysphagia management, and thereby have contributed to the decrease in mortality rates (12) .
The number of hospitals providing stroke care fell by 128 during the observation period, which is probably only partly because of the fall in the total number of acute care hospitals in Germany since the DRG system was introduced (13) . Percentiles of case numbers show increasing concentration of stroke care. The upper quartile of case numbers increased from 200 to 242, which indicates increasing numbers of cases in high-volume hospitals. At the same time, the lowest quartile of case numbers fell from 40 to 27. This means that many smaller hospitals continued to treat stroke patients despite decreasing case numbers.
The number of hospitals with stroke units according to the definition used here rose from 202 to 465 during the observation period. On the one hand, it is possible that hospitals that already had stroke units before 2006 only began to code this procedure fully when the OPS code became reimbursable. On the other hand, the fact that this form of care has financial implications for DRG reimbursement has also led to many hospitals opening new stroke units. Reimbursement of this treatment, if the minimum standards defined in the OPS are met, does not depend on whether the stroke unit is certified. In 2010 there were 163 certified stroke units in total (1), but DRG figures identified 465 hospitals that had billed at least 10 treatments in stroke units.
The number of hospitals providing systemic or selective thrombolysis rose from 395 to 579 and from 114 to 162 respectively during the observation period. This result may be due to more complete documentation (systemic thrombolysis has been subject to reimbursement since 2006), but it could also be due to actual provision of additional care services.
Structural changes correspond to care characteristics at the level of individual patients. In 2010 more than half of stroke patients received stroke unit treatment. Systemic thrombolysis was performed in 8.9% of all cerebral infarction patients. As a result of the recently extended time window for systemic thrombolysis, from 3 hours to 4.5 hours after the onset of a cerebral infarction (14) , a further increase in the number of cerebral infarction patients receiving this treatment can be expected in the future.
Some of the care characteristics stated here differ from figures based on registry data. The percentage of patients treated in stroke units according to the Rhineland-Palatinate stroke registry is higher than our figure (2). The percentages of cerebral infarction patients undergoing systemic thrombolysis in each year are also higher according to the Rhineland-Palatinate stroke registry (2) and the north-western Germany stroke registry (1) than in the DRG figures. This may be because hospitals that provide corresponding care services account for a disproportionate fraction of registry data. When controlled for demographic changes, the hospital mortality rate for stroke patients has fallen by approximately 20% since 2005. A frequent objection to the calculation of hospital mortality rates is that patients may be transferred before they die. Another mortality rate has therefore also been calculated, for patients who were not transferred to another hospital only. This means that patients who were actually "at risk" of death in the first hospital treating them were included in this subanalysis. This analysis showed an almost identical decrease in the SMR, to 0.80, in 2010. Overall, the fall in the mortality rate shown by DRG data is in line with a parallel development in cause-of-death statistics (1) and trends reported in the USA (11, 15) .
Limitations
Some limitations must be taken into account when interpreting the results of this study. Strokes that did not receive inpatient treatment are naturally not included in administrative hospital data. Strokes that occurred during inpatient hospital stays for other reasons (e.g. as postoperative complications) have also been intentionally excluded from calculation of numbers based on principal diagnoses. Although treated patients transferred from other hospitals were excluded from analysis, single cases may have been counted multiple times if stroke patients left the hospital and were admitted to another hospital for treatment of the same stroke more than 24 hours later. As DRG data are virtually complete for the clinical picture stroke and are not subject to any selection bias, the information on hospital admissions for stroke they contain can be interpreted as a reliable representation of strokes requiring acute care in Germany, provided these limitations are taken into account.
Summary
Out of the more than 100 million cases receiving hospital treatment between 2005 and 2010 more than 1.4 million patients admitted for stroke were identified and analyzed for this research. This made it possible, for the first time, to provide a virtually complete picture of hospital treatment for stroke in Germany that was not distorted by selection effects, and of trends in the care of such cases.
We observed a decrease in hospital admission rates in older age groups. Although this study cannot demonstrate causal relationships, this decrease may be due to improved primary and/or secondary prevention.
The figures also point to increasingly specific care of stroke patients in hospital. There was a parallel decrease in hospital mortality rates. Whether this is connected with changes in care must be determined by further research.
DRG data cannot answer every question, as the observation period includes hospital stays only and individual record linkage (also with data from other care sectors such as outpatient medical care, rehabilitation, or nursing care) is as yet impossible (16) . However, they may add to knowledge obtained from registry or health insurers' data, particularly regarding population-related conclusions, and contribute to the development of new questions.
Complete nationwide evaluations of trends in stroke care over time, which are urgently needed due to demographic changes, can only be obtained in this way, incurring justifiable costs. In our view, DRG data are currently the best available source of data for monitoring acute inpatient care, provided the relevant methodological features are taken into account when interpreting results.
TABLE 5
Hospital mortality rates for patients treated for stroke (age >19 years, excluding transferrals from other acute care hospitals) *1 Two-sided p-value for linear trend; 
Methods
Data
The data used were the DRG statistics of Research Data Centres of the Federal Statistical Office and the statistical offices of the Länder (federal states) for the years 2005 to 2010 (5). These contain discharge information on all in-hospital episodes in acute care hospitals that are reimbursed via DRG, independently from the type of patients insurance. Only a small percentage of acute inpatient cases are not covered by this database, primarily those treated in hospitals specializing in psychiatric and psychosomatic care (6) .
The following information and other details are provided for each record: The observation period for each patient begins on admission to the hospital and ends with discharge, transferral, or death. Patients can be assigned to the respective treating hospital via a pseudonymized hospital identifier.
Since the data do not contain a patient identifier, it is impossible to distinguish between first-time and recurrent strokes. The analyses therefore cover all first-time and recurrent strokes.
Inclusion and exclusion criteria
Patients included were those with the principal diagnoses cerebral infarction, intracerebral hemorrhage, subarachnoid hemorrhage, or stroke of un-specified type, identified using the codes of the German version of the International Classification of Diseases (ICD-10, codes I60, I61, I63, and I64). This means that only hospital treatment resulting from a stroke is included. Because the etiology of stroke in children and adolescents is different from that in adults, the study is restricted to patients aged over 19 years.
When a patient is transferred from one acute care hospital to another for continued stroke treatment, a single stroke may also lead to two or more cases of treatment. In order to prevent a single stroke being counted more than once (as far as possible) and to include primarily hospital stays in the first admitting hospitals, cases transferred from another acute care hospital were excluded (Figure) .
Specific treatments and care services provided
Specific treatments and interventions provided were identified via the procedure codes of the German procedure classification, the OPS.
Since 2005, complex treatment of an acute stroke at a specialized stroke unit for a duration of 24 hours minimum can be coded by a specific code of the German version of the OPS (8) . Stroke unit care is reimbursable in the German DRG system since 2006.
Under the precondition of a principal diagnosis of stroke (I60, I61, I63, I64) or transient ischemic attack (TIA, G45) the number of episodes with documented stroke unit care per hospital and year was calculated. Existence of a stroke unit in a hospital is assumed when at least ten episodes with coded stroke unit care are present within a calendar year. This prevented isolated coding errors, which may occur, from being assessed as indicating the range of care services concerned. For systemic and selective thrombolysis, a single treated case per year in a hospital was taken to indicate availability of this service.
Statistical analysis
Annual hospitalization rates in relation to the residential population for the year in question (9) were calculated. The following information is given:
• Age-and sex-specific rates for 10-year age groups
Figures on patient, hospital, and care characteristics are shown by year.
Annual in-hospital mortality rates were calculated as the number of patients dying in the hospital as a percentage of all included patients. The effect of demographic changes was controlled for using indirect standardization based on five-year age groups and sex. The mortality distribution in 2005 was used as the reference. The standardized mortality ratio (SMR) is shown. In order to assess trends over time, two-sided p-values were calculated for all parameters using linear regression. The significance level was set at p <0.05. All analyses were performed using the analysis software SAS 9.1.
